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Supplementary Note 1
For a sample of randomly oriented crystallites, the PDF, G(r), is related to the total-scattering function, S(Q), as 
where ( ) is the atomic pair-density function, 0 is the number density of the material, and Q is the modulus of the scattering vector 1 . The response of a crystal to an electric field is anisotropic and, therefore, as discussed in the paper, spherical averaging over the scattering vector Q, which is used to derive Eq. 1, becomes inadequate. Weak deviations from the spherical symmetry can be accounted for by expanding the PDF and S(Q) into spherical harmonics 2-4
Where Y is a spherical harmonic, l=0, 1, 2,…, m=-l…l, r and Q are moduli of distance and scattering vectors, respectively. The components of anisotropic PDF and S(Q) are related as
where Jl(Qr) is a spherical Bessel function.
For a sample that is isotropic in the plane normal to the field (i.e. m=0) and neglecting the terms 
where is the angle between vectors Q and E, and 0 0 and 2 0 are the isotropic and anisotropic components of S(Q), respectively. The corresponding components of ( ⃗) can be obtained from
Equation 3 and then used to calculate directional PDFs. For Na½Bi½TiO3, the directional PDFs, ρ|| (r) and ρ(r), determined using the spherical-harmonics approach, proved to be close to G||(Q) and G(Q), calculated from the corresponding directional S(Q) via Eq. S1, as shown in Fig. S1 . The same behaviour was assumed for BaTiO3 and SrTiO3, which exhibited considerably smaller differences between the S||(Q) and S(Q) than Na½Bi½TiO3.
Figure S1 | Comparison of PDFs generated using different methods The G(r) generated via the sine Fourier transform and the ρ(r) via the spherical harmonics approaches for Na½Bi½TiO3 at 4 kV/mm, for scattering both parallel and perpendicular to the electric field. The difference curve is calculated as ρ(r) -G(r).
The 2D detector image is reduced by integrating a 20° sector through the azimuthal dimension in the vertical or horizontal direction of the image. As illustrated in Fig. 1 , the sample was oriented such that the electric field direction is tilted towards the incident beam. This tilting is necessary to minimize the angular discrepancy between the electric field and scattering vectors measured in the integrated sector; by tilting at an angle of 12-15° (dependent upon wavelength), the angles between the scattering vectors and electric field in the vertical sector are less than 10° from the electric field direction. It is important to ensure this angular limit of 10° because it has been shown that the average behaviours of all crystallites oriented to within 10° of the electric field direction are similar to each other in polycrystalline ferroelectrics 5 . The angle between the electric field (E) and the scattering vector (Q), labelled η in BaTiO3 was synthesized by first ball-milling a stoichiometric ratio of BaCO3 (Alfa Aesar, 99.8%) and TiO2 (Alfa Aesar, 99.99%) for 24 h in ethanol. After drying and sieving, the powder was calcined at 1200 °C for 4 h. The calcined powder was pressed into a pellet by uniaxial and isostatic pressing and sintered at 1400 °C for 4 h. SrTiO3 was synthesized by ball-milling commercial SrTiO3 powder (Sigma-Aldrich, 99% purity) in ethanol for 24 h. The powder was dried, sieved, and then pressed into a pellet by uniaxial and isostatic pressing. The pellet was sintered at 1400 °C for 4 h. Heating ramp rates for both compositions were 5 °C/min. After the pellets were cut into the experimental samples, they were annealed at 400 °C for 3 h in order to relieve stresses due to cutting. 
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